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Description 

[0001] This invention relates to polyesters, and in par- 
ticular to aromatic cyclic polyester oligomers and to a 
method of production thereof. 5 
[0002] Aromatic polyesters, such as polyethylene 
terephthalate, polybutylene terephthalate and polyeth- 
ylene naphthalate. have been used in industrial appli- 
cations for many years. Commercially available aromat- 
ic polyesters are generally produced using polyconden- io 
sation reactions. The resulting polyesters predominant- 
ly contain linear chains of repeat units, but also contain 
very smalt amounts, of the order of 1 to 2%. of cyclic 
oligomers. These "naturally occurring" cyclic oligomers 
have been isolated and characterised. Generally the cy- ^5 
die oligomers are low molecular weight species, princi- 
pally cyclic trimer, tetramer and pentamer. Cooper and 
Semlyen. Polymer, 1973, Vol 14, p 185-192, describe 
the extraction of cyclic oligomers, containing up to 1 0 
repeat units, from polyethylene terephthalate. 20 
[0003] US-A-5039783 describes a solution process of 
making cyclic polyester oligomers utilising an unhin- 
dered tertiary amine. The resulting cyclic polyester oli- 
gomers contain predominantly dimer, trimer, tetramer 
and pentamer, with the largest polyester oligomer pro- 25 
duced containing 12 repeat units. The yield of cyclic ol- 
igomers produced in US-A-5039783 is relatively low. In 
addition, relatively large amounts of linear oligomers are 
also produced, which means that a relatively expensive 
extraction stage is required in order to separate the cy- 30 
die oligomers from the linear oligomers. US-A-5039783 
also describes converting the cyclic polyester oligomers 
to linear polyesters. The molecular weight of the linear 
polyesters produced from the cyclic oligomers depends, 
inter alia, on the molecular weight, ie the number of re- 35 
peat units, of the cyclic oligomers. There is a require- 
ment for higher molecular weight polyester and im- 
proved methods of producing high molecular weight pol- 
yester than standard linear polyester polycondensation 
reactions or by converting the cyclic oligomers de- 
scribed in US-A-5039783 to linear polyesters. 
[0004] IHodge et al, J Chem Soc Chem Commun, 
1993. p 581-583. describes a method of producing 
aliphatic cyclic polyester oligomers using a solid sup- 
port. 45 
[0005] We have now produced an aromatic cyclic pol- 
yester composition and method of production thereof 
which reduces or substantially overcomes one or more 
of the aforementioned problems. 

[0006] Accordingly, the present invention provides a 50 
composition comprising a mixture of cyclic polyester ol- 
igomers having different numbers of repeat units, 
wherein the mixture comprises at least one cyclic poly- 
ester oligomer containing 15 or more repeat units, and 
at least one of the repeat units has the formula 55 



O O 

II II 

X-O-C-Y-C-O- 



wherein X represents an alkylene radical containing 2 
to 6 carbon atoms, and Y represents a phenylene radical 
or a naphthalene radical. 

[0007] The invention further provides a method of pro- 
ducing cyclic polyester oligomers by (i) attaching on to 
a solid support a monomer containing a unit of formula 



A-X-O-C-Y-C-B 



wherein X represents an alkylene radical containing 2 
to 6 carbon atoms. Y represents a phenylene radical or 
a naphthalene radical, and one of A or 8 represents a 
leaving group and the other of A or B represents an at- 
taching group, and (ii) heating the solid support contain- 
ing the attached monomer, resulting in polymerisation, 
cyclisation and release from the solid support of cyclic 
polyester oligomers. 

[0008] Cyclic polyester oligomers according to the in- 
vention contain at least one repeat unit having the for- 
mula 



O O 

II II 

X-O-C-Y-C-0 




wherein X preferably represents a propylene, butylene 
or neopentylene radical, and more preferably an ethyl- 
ene radical. Y preferably represents a m- or p-phe- 
nylene radical. 

[0009] In a preferred embodiment of the invention the 
composition of cyclic polyester oligomers comprises 
greater than 30 mole %. more preferably greater than 
50 mole %, particularly greater than 70 mole %, and es- 
pecially greater than 90 mole % up to 100 mole % of 
one or more repeat units as defined herein. In a further 
preferred embodiment of the invention the cyclic poly- 
ester oligomers contain a single repeat unit, ie the cyclic 
oligomers are cyclic homo-oligomers, more preferably 
butylene terephthalate or ethylene naphthalate, and 
particularly ethylene terephthalate cyclic oligomers. 
[001 0] In an alternative embodiment of the invention, 
the cyclic polyester oligomers contain greater than one. 
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preferably two. repeat units as defined herein. In partic- 
ular, the cyclic polyester oligomers are preferably co- 
oligomers of ethylene terephthalate and ethylene Isoph- 
thalate, especially In the molar ratios of from 50 to 90 
mole % ethylene terephthalate and correspondingly s 
from 50 to 1 0 mole % ethylene isophthalate. Preferred 
cyclic co-oligomers comprise from 65 to 85 mole % eth- 
ylene terephthalate and from 35 to 15 mote % ethylene 
isophthalate, and particularly a cyclic co-ollgomer of 
about 82 mole % ethylene terephthalate and about 18 io 
mole % ethylene isophthalate. 
[0011] The composition according to the invention 
preferably comprises a mixture comprising at least one 
cyclic polyester oligomer containing 17, more preferably 
19, particularly 21, and especially 23 or more repeat ^5 
units. The mixture of cyclic polyester oligomers suitably 
comprises oligomers having from 2 to 60, preferably 3 
to 50, more preferably 6 to 40, particularly 12 to 35, and 
especially 15 to 30 repeat units. The mixture suitably 
comprises greater than 5 mole %, preferably greater 20 
than 10 mole %, more preferably greater than 20 mole 
%, particularly greater than 35 mole %, and especially 
greater than 50 mole % of cyclic oligomers containing 
10 or more repeat units, based on the total amount of 
all the cyclic oligomers present in the composition. In a 25 
particularly preferred embodiment of the invention the 
mixture comprises greater than 2.5 mole %, preferably 
greater than 5 mole %, more preferably greater than 1 0 
mole %, particularly greater than 20 mole %, and espe- 
cially greater than 30 mole % of cyclic oligomers con- 30 
taining 15 or more repeat units, based on the total 
amount of ail the cyclic oligomers present in the compo- 
sition. 

[001 2] The ratio of cyclic trlmer/cyclic tetramer in the 
cyclic polyester oligomer mixture is preferably in the 35 
range from 5 to 1/1 , more preferably 4 to 1/1 , particularly 
3 to 1/1 , and especially 2 to 1/1 . 
[0013] The number average by moles of repeat units 
per oligomer in the cyclic polyester oligomer mixture is 
preferably from 4 to 25, more preferably 5 to 20, partic- ^0 
ularly 6 to 16, and especially 7 to 12. 
[001 4] The molecular weight of oligomers in the cyclic 
polyester oligomer mixture is preferably in the range 
from approximately 380 to 11,500, more preferably 550 
to 1 0,000, and especially 550 to 6000. The average mo- 45 
lecular weight of oligomers in the cyclic polyester oli- 
gomer mixture is preferably in the range from 750 to 
4800, more preferably 950 to 3800, particularly 1100 to 
3000, and especially 1300 to 2300. 
[0015] Cyclic polyester oligomers can be prepared 50 
using a solid support. The basic principle of the tech- 
nique is that monomer is attached to a solid support by 
means of an attaching group. The end of the monomer 
remote from the attaching group has a leaving group. 
The solid support containing the attached monomer Is 55 
then heated, preferably suspended in a solvent, result- 
ing in polymerisation by means of the attaching group 
of one monomer displacing the leaving group of a neigh- 



bouring monomer. The result is a linear chain which re- 
mains attached to the solid support by means of the at- 
taching group. Under suitable conditions, the leaving 
group and attaching group of the same linear chain will 
react together to form a cyclic oligomer, which on for- 
mation is released from the solid support. In contrast, 
non-cyclised linear oligomers should remain attached to 
the solid support. The advantage of this technique is that 
at the end of the reaction period potentially all the un- 
bound oligomer is cyclic. Thus, an expensive and time 
consuming isolation of cyclic oligomers from a cyclic/lin- 
ear oligomer mixture may be omitted. 
[0016] A wide range of materials may be used as a 
solid support, preferably particulate materials, such as 
glass beads or crosslinked polymers, for example poly- 
styrene, polydextran, or polyamide. A preferred solid 
support is a strong-base anion exchange resin, particu- 
larly functionalised polystyrene. 
[001 7] A preferred monomer for attaching to the solid 
support contains a unit of formula 

O O 

II II 

A-X-O-C-V-C-B 



wherein X represents an alkylene radical containing 2 
to 6 carbon atoms, Y represents a phenylene radical or 
a naphthalene radical, and one of A or B represents a 
leaving group and the other of A or B represents an at- 
taching group. Preferred leaving groups include halo- 
gen radicals, mesylate and tosylate. Bromine radical is 
a particularly preferred leaving group. Suitable attaching 
groups include free functional acid groups, particularly 
when the solid support contains bicarbonate groups. 
Preferred acid groups include carboxylic acid, sulphonic 
acid and phosphonic acid. Alternatively, salts of the 
aforementioned acids may be used. In a preferred em- 
bodiment of the invention A represents the leaving 
group, preferably bromine radical, and B represents the 
attaching group, preferably a hydroxyl radical, thus 
forming a free carboxylic acid group at the attaching end 
of the monomer. 

[0018] A preferred monomer is a (o-halogenocarbox- 
ylic acid, particularly terephthalic acid mono (2-bromoe- 
thyl) ester. 

[0019] The monomer is suitably attached to the solid 
support by immersing the support in a 0.05% to 30%, 
preferably 0.1% to 10%, and more preferably 0.5% to 
5% by weight solution of monomer in solvent, such as 
aqueous methanol, for example from 8 to 48 hours at 
ambient temperature. The solid support is then prefer- 
ably separated from the monomer solution, washed with 
solvent, and dried. Polymerisation can be achieved by 
heating the monomer-loaded solid support, preferably 
at a temperature greater than 40"C. The polymerisation 
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reaction generally takes place for a time period of up to 
7 days, preferably up to 4 days, more preferably up to 
2 days, and particularly for 8 to 24 hours. The heating 
temperature Is more preferably in the range from 45° C 
to 120°C, particularly 50**C to lOO^C, and especially 
55°C to 75°C. The monomer-loaded solid support is 
preferably heated when suspended in a solvent, prefer: 
ably by refluxing in chlorofomri. The solid support can be 
separated from the cyclic oligomers present in the sol- 
vent by filtration. Substantially pure cyclic polyester oli- 
gomers may be obtained by evaporating off the solvent. 
[0020] In a preferred embodiment of the invention, the 
method of producing the cyclic polyester oligomer com- 
position is performed In a methanol-free system, thus, 
preferably a solvent other than methanol is used both to 
prepare and wash the solid support, and to attach the 
monomer on to the support. The polymerisation reaction 
is also preferably performed in a solvent other than 
methanol. Similarly, it is preferred that the method of 
producing the cyclic polyester oligomer composition is 
performed in a substantially non-aqueous system. Pre- 
ferred solvents for attaching the monomer on to the sup- 
port and/or for performing the polymerisation reaction 
include chloroform and tetrachloroethane. 
[0021] An advantage of using the solid support as de- 
scribed herein is that cyclic polyester oligomers may be 
obtained essentially free of monomer or of linear poly- 
ester oligomers, without having to use an additional Iso- 
lation stage. Thus, a preferred composition according.to 
the invention comprises greater than 50%, more prefer- 
ably greater than 70%. particularly greater than 90%, 
and especially greater than 95% by weight of cyclic pol- 
yester oligomers based on the total weight of cyclic pol- 
yester oligomers, linear polyester oligomers and mono- 
mer present in the composition. Correspondingly, a pre- 
ferred composition comprises less than 50%, more pref- 
erably less than 30%, particularly less than 10%, and 
especially less than 5% by weight of linear polyester ol- 
igomers and/or monomer based on the total weight of 
cyclic polyester oligomers, linear polyester oligomers 
and monomer present in the composition. 
[0022] The method of producing cyclic polyester oli- 
gomers is capable of very high yields, preferably greater 
than 40%, more preferably greater than 60%, particu- 
larly greater than 80%, and especially greater than 90% 
by weight of cyclic polyester oligomers compared to the 
total weight of monomer used, ie the weight of monomer 
attached to the solid support. 

[0023] The cyclic polyester oligomers described here- 
in may be converted to high molecular weight linear pol- 
yesters by heating in the presence of a catalyst. Suitable 
catalysts include polycondensation catalysts used in the 
polymerisation of linear polyesters, such as metal ox- 
ides, organotin compounds, metal salicylates and stan- 
nous alkoxides. The cyclic polyester oligomers may be 
used in a wide variety of ways to produce moulded ther- 
moplastic articles, such as blow-moulded bottles, 
sheets, oriented films etc. The relatively low viscosity of 



the cyclic polyester composition is potentially a particu- 
lar advantage in moulding applications. 
[0024] The invention is Illustrated by reference to the 
following Example. 

Example 1 

[0025] Terephthalic acid mono (2-bromoethyl) ester 
monomer was prepared as follows: 

4-Chlorostyrene (supplied by Aldrich Chemical 
Co.) was treated with magnesium in anhydrous tetrahy- 
drofuran and the resulting Grignard reagent was 
quenched with solid carbon dioxide. Recrystallisation 
from aqueous ethanol produced white platelets of 4-vi- 
nyl benzoic acid. 4- Vinyl benzoic acid was treated with 
thionyl chloride to form the acid chloride, which was es- 
terified without further purification by reaction with 
2-bromoethanol and triethylamine in anhydrous ether. 
The resultant ester ((2-bromoethyl) 4-vinyl benzoate) 
was treated with ozone in dlchloromethane. Oxidative 
work up with hydrogen peroxide yielded terephthalic ac- 
id mono (2-bromoethyl) ester. 
[0026] Amberlyst A-26 ion-exchange resin (supplied 
by Janssen Chimica) was converted from the chloride 
form (P-N*(CH3)3CI-) to the bicarbonate form (P-N* 
(CH3)3HC03") by ion-exchange using an aqueous sat- 
urated potassium hydrogen carbonate solution. The bi- 
carbonated resin (1 .3 g) was added to terephthalic acid 
mono (2-bromoethyl) ester (1 g) in 1 50 ml methanol and 
the mixture stirred for 24 hours at room temperature. 
The resin was collected by vacuum filtration, washed 
with methanol, deionlsed water and acetone and par- 
tially dried on the filter. The monomer-loaded resin was 
further dried at 14 mm Hg and then under high vacuum 
(0.1 mm Hg). 1.84 g of monomer loaded resin was re- 
fluxed in 150 ml chloroform for 7 days. The resin was 
collected by filtration and washed with 50 mi of hot chlo- 
roform. The product solution and washings were com- 
bined and evaporated to dryness to yield the mixture of 
cyclic polyester oligomers. 

[0027] The cyclic polyester oligomer mixture was an- 
alysed by 

(i) analytical gel permeation chromatography 
(GPC) using a Knauer HPLC/GPC equipped with 
four PL-gel 3 iim mixed-E size exclusion columns 
in series and a guard column (both supplied by Pol- 
ymer Laboratories Ltd). A Shimadzu R1 D-6A differ- 
ential refractometer was used as the detector. An- 
alytical grade chloroform was used as the eluent at 
a flow rate of 0.3 ml min-''. 

(ii) field desorption mass spectrometry using a VG 
Analytical Ltd. ZAB-2SE mass spectrometer of re- 
verse geometry. 

[0028] The results indicated the presence of cyclic 
ethylene terephthalate oligomers containing from 3 up 
to at least 18 repeat units. The mixture contained ap- 
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A-X-O-C-Y-C-B 



wherein X represents an alkylene radical containing 
2 to 6 carbon atoms, Y represents a phenylene rad- 

10 ical or a naphthalene radical, and one of A or B rep- 
' resents a leaving group and the other of A or B rep- 
resents an attaching group, and (ii) heating the solid 
support containing the attached monomer, resulting 
in polymerisation, cyclisation and release from the 

15 solid support of cyclic polyester oligomers. 



proximately at least 5 mole % of cyclic oligomers con- 
taining 10 or more repeat units, and approximately at 
least 2.5 mole % of cyclic oligomers containing 15 or 
more repeat units. The number average by moles, to the 
nearest whole number, of repeat units per oligomer in 
the cyclic oligomer mixture was approximately at least 
5. The ratio of cyclic trimer/cyclic tetramer in the cyclic 
oligomer mixture was approximately 2 to 1 . 



Claims 

1. A composition comprising a mixture of cyclic poly- 
ester oligomers having different numbers of repeat 
units, wherein the mixture comprises at least one 
cyclic polyester oligomer containing 15 or more re- 
peat units, and at least one of the repeat units has 
the formula 



8. A method according to claim 7 wherein a methanol- 
free system is used. 



O 

II 




-0-C-Y-C 



wherein X represents an alkylene radical containing 
2 to 6 carbon atoms, and Y represents a phenylene 
radical or a naphthalene radical. 



20 9. A method according to either one of claims 7 and 8 
wherein the solid support is a strong-base anion ex- 
change resin. 

10. A method according to any one of claims 7 to 9 
25 wherein the monomer is both attached on to the sol- 
id support and polymerised on the support, in the 
presence of chloroform. 
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2. A composition according to claim 1 comprising at 
least one cyclic polyester oligomer containing 1 7 or 
more repeat units. 

3. A composition according to either one of claims 1 
and 2 comprising greater than 5 mole % of cyclic 
polyester oligomers containing 10 or more repeat 
units, based on the total amount of all the cyclic pol- 
yester oligomers present in the composition. 

4. A composition according to any one of the preced- 
ing claims wherein the ratio of cyclic trimer/cyclic 
tetramer in the cyclic polyester oligomer mixture is 
in the range from 5 to 1/1 . 

5. A composition according to any one of the preced- 
ing claims wherein the number average by moles 
of repeat units per cyclic polyester oligomer in the 
composition is from 4 to 25. 

6. A composition according to any one of the preced- 
ing claims comprising cyclic ethylene terephthalate 
oligomers. 

7. A method of producing cyclic polyester oligomers 
by (i) attaching on to a solid support a monomer 
containing a unit of formula 



1 . Zusammensetzung. aufweisend eine Mischung von 
cyclischen Polyester-Otlgomeren, die unterschied- 
liche Zahlen von repetierenden Einheiten haben, 
35 wobei die Mischung mindestens ein cyclisches Po- 
lyester-Oligomer aufweist, das 1 5 repetierende Ein- 
heiten Oder mehr enthalt, und mindestens eine der 
repetierenden Einheiten die Formel hat: 

40 

O O 

J " 'I A_ 

-4 X-O-C-Y-C-O J 



worin X einen Alkylen-Rest darstellt, der 2 bis 6 
Kohlenstoffatome enthalt, und Y einen Phenylen- 
50 Rest Oder einen Naphthalen-Rest darstellt. 

•2. Zusammensetzung nach Anspruch 1 , aufweisend 
mindestens ein cyclisches Potyester-Oligomer, das 
17 Oder mehr repetierende Einheiten enthalt. 

55 

3. Zusammensetzung nach einem der Anspruche 1 
und 2, aufweisend mehr als 5 Molprozent cyclische 
Polyester-Oligomere, die 10 oder mehr repetieren- 
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de Einheiten enthalten, und zwar bezogen auf die 
Gesamtmenge a Her cyclischer Polyester-Oligome- 
re, die in der Zusammensetzung vorhanden sind. 

4. Zusammensetzung nach eliiem der vorgenannten 
Anspruche, bei welcher das Verhaltnis von cycli- 
schem Trimer zu cyclischem Tetramer in der Mi- 
schung von cyclischem Polyester-Oligomer im Be- 
reich von 5 bis 1/1 liegt. 

5. Zusammensetzung nach einem der vorgenannten 
Anspruche. bei welcher das Zahlenmittel an Molen 
von repetierenden Einheiten pro cyclischem Poly- 
ester-Oligomer In der Zusammensetzung von 4 bis 
25 betragt. 

6. Zusammensetzung nach einem der vorgenannten 
Anspruche. die cyclische Ethylenterephthalat-Oli- 
gomere aufweist. 

7. Verfahren zum Herstellen von cyciischen Poly- 
ester-Oligomeren, durch (i) Aniagern eines Mono- 
mers an der fasten Tragersubstanz, wobei das Mo- 
nomer eine Einheit der Formel 



O O 

II II 

A-X-O-C-Y-C-B 



enthalt, worin X einen Alkylen-Rest mit 2 bis 6 Koh- 
lenstoffatomen darstellt, Y einen Phenylen-Rest 
Oder einen Naphthalen-Rest darstellt und eines von 
A Oder B eine austretende Gruppe darstellt und das 
andere von A oder B eine aniagernde Gruppe dar- 
stellt; sowie (ii) Erhitzen der festen Tragersubstanz, 
die das angelagerte Monomer enthalt, was Polyme- 
risation, Cyclisierung und Freisetzung von. cycii- 
schen Polyester-Oligomeren von der festen Trager- 
substanz zur Folge hat 

8. Verfahren nach Anspruch 7, bei welchem ein von 
Methanol freies System zur Anwendung gelangt. 

9. Verfahren nach Anspruch 7 und 8, bei welchem die 
feste Tragersubstanz ein stark basisches Anionen- 
austaucherharz ist. 

10. Verfahren nach einem der vorgenannten Anspru- 
che 7 bis 9. bei welchem das Monomer sowohl an 
der festen Tragersubstanz angelagert wird, als 
auch in Gegenwart von Chloroform polymerisiert 
wird. 



Revendications 

. 1 . Composition comprenant un melange d'oligomeres 
cycliques de polyesters contenant des nombres dif- 
5 ferents d'unit^s de repetition, dans laquelle le me- 
lange comprend au moins un oligom^re cyclique de 
polyester contenant 15 unites de repetition ou plus, 
et au moins une des unites de repetition presente 
la formuie: 

10 



O O 




dans laquelle X represente un radical alkylene con- 
20 tenant de 2 ^ 6 atomes de carbone et Y represente 
un radical phenyiene ou un radical naphtaiene. 

2. Composition suivant la revendication 1, compre- 
nant au moins un ollgomere cyclique de polyester 

25 contenant 17 unites de repetition ou plus. 

3. Composition suivant I'une ou I'autre des revendica- 
tions 1 et 2, comprenant plus de 5% en moles d'oli- 
gomeres cycliques de polyesters contenant 10 uni- 

30 tes de repetition ou plus, bases sur la quantite totale 
de tous les oligomeres cycliques de polyesters pre- 
sents dans la composition. 

4. Composition suivant I'une quelconque des revendi- 
35 cations precedentes, dans laquelle le rapport de tri- 

mere cyclique/tetramere cyclique dans le melange 
d'oligomeres cycliques de polyesters se trouve 
dans I'intervalle de 5 d 1/1. 

40 5. Composition suivant I'une quelconque des revendi- 
cations precedentes, dans laquelle le nombre 
moyen en moles d'unites de repetition par oligome- 
re cyclique de polyester dans la composition est de 
4^25. 

45 

6. Composition suivant I'une quelconque des revendi- 
cations precedentes. comprenant des oligomeres 
cycliques d'ethyieneterephtalate. 

50 7. Precede pour la production d'oligomeres cycliques 
de polyesters (i) en fixant sur un support solide un 
monomere contenant une unite de la formuie: 
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dans laquelle X repr6sente un radical alkylene con- 
tenant de 2 d 6 atomes de carbone, Y represente 
un radical ph6nyl^neou un radical naphtal^ne et un 
parmi A ou B represente un groupe partant et I'autre 
parmi A ou B represente un groupe fixant, et (il) en 5 
chauffant le support solide cohtenant le monomfere 
fixe, conduisant d une polymerisation, d une cycli- 
sation et d une liberation d partir du support solide 
d'oligomeres cycliques de polyesters. 

10 

8. Procede suivant la revendication 7, dans lequel un 
syst^me exempt de methanol est utilise. 

9. Precede suivant Tune ou Tautre des revendications 
7 et 8, dans lequel le support solide est une resine 
echangeuse d'anions de base forte. 

10. Precede suivant Tune quelconque des revendica- 
tions 7^9, dans lequel le monomere est d la fois 
fixe sur le support solide et polymerise sur le sup- 20 
port, en presence de chloroforme. 
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